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TO PEOPLE ENGAGED I N  b a t t e r y  research and de- 

t i c i n g  than the development of an e l e c t r i c  
vehicle t o  replace the  present family car. 
The technical man sees the challenge of pro- 
viding high energy densi ty  (watt-hourslkg) 
and high spec i f ic  power (watts/kg) at a cost  
competitive with a well  developed, highly 
refined in te rna l  combustion engine production 
capab i l i t y  which is already i n  existence. 
Since the technology does not e x i s t  t o  bui ld  
an a l l - b a t t e r y  car  with performance comparable 
t o  the present in te rna l  combustion (I. C. ) 
engine powered passenger car, a t tent ion has 
turned t o  various types of hybrid vehicles 
usihg a constant-output heat  engine coupled 
t o  an energy storage system f o r  acceleration. 
A recent study (l)* of hybrid heat enginel 
e l e c t r i c  systems shows t h a t  the  nickel-zinc 

, b a t t e r y  looks promising f o r  the  post-1975 
t i m e  period, provided t h a t  l i f e  problems which 
current ly  e x i s t  can be overcome. The purpose , 

velopment, few i f  any problems are  more en- ,- 

. 
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ABSTRACT 

A t  present, no b a t t e r y  e x i s t s  which has 
the cha rac t e r i s t i c s  required f o r  a f u l l  per- 
formance battery-powered passenger car. Hy- 
b r id  heat enginelelectr ic  systems are one of ' 

several  c lasses  of hybrid systems being con- 
sidered as a near term power t r a i n  f o r  a low- 
pol lutant  vehicle. While the lead acid ba t -  
t e r y  can be improved, the r e su l t i ng  vehicle 
would st i l l  have a performance below the 

* . - L  

E t a r g e t  level .  Successful development of a 
E nickel-zinc b a t t e r y  could produce a f u l l  per- 
& formance hybrid car  f o r  the post-1975 t i m e  

period. 
aer'ospace b a t t e r y  technology which could in-  
crease the l i f e  of nickel-zinc b a t t e r i e s  t o  a 
point where they become a t t r a c t i v e  candidates 
f o r  hybrid vehicle use. 

T h i s  paper presents examples of 

! 
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3f t h i s  paper i s  t o  i d e n t i f y  several  spec i f ic  
examples of aerospace b a t t e r y  technology 

tending the  l i f e  of nickel-zinc ba t te r ies .  ' ' ' ; I *  

' 

i which can be applied t o  the problem of ex- 
I *  

I 

The hybridlelectr ic  study prepared f o r  &he 
A i r  Pollution Control Office (AZO) by 
Aerospace Corpdration (1) is based on the 1 
premise t h a t  tk 2at.tery w i l l  be discharged 1 
only during acdeieration, and recharged from: 
the heat engine when the car  i s  cruising so 8 

t h a t  the b a t t e r y  i s  f u l l y  charged at  the  endl 
of eat$ driving cycle. The DHEW Urban Driving 
Cycle chosen f o r  the systems analysis i s  shoyn 
on Figure 1. This cycle demands 73 ba t t e ry  
charge/discharge cycles over 1370 seconds 
operating t i m e ,  equivalent t o  7.5 vehicle ' i miles. Trade off  s tudies  involving b a t t e r y  , 
current-voltage character is t ics ,  and vehicle 
emission cha rac t e r i s t i c s  as functions of in -  
s t a l l e d  capacity lead t o  select ion of 38 
ampere-hour lead-acid and 30 ampere-hour 
nickel-zinc b a t t e r y  capaci t ies .  
driving cycle, these b a t t e r i e s  w i l l  be r e -  
quired t o  undergo 975,000 charge/discharge 
cycles spread over 5,000 operating hours o r  

! 

Based on the  

'100,000 vehicle miles. While they a re  r e -  
L 

*Numbers i n  parentheses designate Refer- 
ences a t  end of paper. 



reduce the  number of b a t t e r y  charge/discharge 

one o r  more complete cycles, then recharging 
completely afterward. While t h i s  maybe an , 
unrea l i s t i c  way t o  operate the  vehicle, it 1 

does allow a rough estimate of t he  d i f f e r -  
ences between t h e  vehicle b a t t e r y  l i fe  re- 
quirements and the  values i n  Table I. Based I 
on a 30 ampere-hour nickel-zinc battery,  t he  
values i n  Table I1 a re  obtained. 

Even though the  re la t ionship  between l i f e  
and depth-of-discharge i s  not a s t r a i g h t  l i n e  
function, it appears that an order of magni- 
tude l i f e  improvement w i l l  be required f o r  
the  nickel-zinc ce l l .  Since zinc electrode 
l i re  i s  presently f a r  i n f e r i o r  t o  that of t h e  
nickel electrode, e f f o r t  should be concen- 
t r a t ed  on it. 

AEROSPACE TECHNOLOGY APPLICABLE 

; 
f '  - I . cycles by discharging with no recharge f o r  

quired t o  de l ive r  current, pulses of almost 
500 amperes, t he  depth of discharge i n  both 
cases i s  less than 5 percent due t o  the  al- 
most continual recharge. It is  expected t h a t  
l imi t ing  the  depth of discharge i n  t h i s  way 
w i l l  extend the  operating l i f e .  

LIFE CHARACTEEISTICS OF NICKEL-ZINC CELIS 

Although the  nickel-zinc c e l l  i s  more 
than 70 years old, there  i s  a notable paucity 
of cycle l i f e  and f a i l u r e  mode da ta  i n  the  
l i t e r a t u r e .  

No t e s t i n g  i s  reported Under conditions 
of *rapid, shallow cycling. 
da t a  on nickel-zinc c e l l s  discharged t o  sub- 
s t a n t i a l  (25-60 percent) depths-of -discharge, 
generally with recharge over several  hours, 
and information on s i lver -z inc  c e l l s  cycled 
t o  simulate aerospace use. The latter usual- 
l y  cons is t  of 90-minute o r  24-hour charge/ 
discharge cycles with the  discharge t i m e  
being 30 minutes i n  t h e  shor t  cycle and 
72 minutes i n  the  long one. Again, depth 

Instead, one f inds  

,TO ZINC ELECTRODES 

c Three problems have been iden t i f i ed  which 
of discharge tends t o  range f r o m  25-60-per- ' bear on zinc electrode l i f e .  These are den- ' 
cent. Data on both systems is  relevant,  s ince  
the  major problem areas i n  each res ide  with 
the  zinc electrode and the  separator. 
Dirkse (2) i n  h i s  discussion of t he  zinc 
electrode i n  secondary b a t t e r i e s  concludes ' 

t h a t  r ed i s t r ibu t ion  of zinc i s  the  greatest ; 
unsolved problem t o  date.  Redistribution, 
more commonly ca l led  "shape change," i s  t h e  1 

phenomenon whereby the  zinc m e t &  tends t o  I 
shrink from the  edges of a b a t t e r y  electrode, 

I and consolidate i n  a dense m a s s  a t  t he  center,  I 
thereby decreasing the  amount of zinc ava i lab le  
f o r  use; Examples are shown on Figure 2. , 
Other problems which shorten l i f e  a re  the  t 

deter iora t ion  of t he  cellophane o r  fibrous 
sausage casing normally used as the  separator 
due t o  the  combined action of e l ec t ro ly t e  
and the  oxygen formed on charging nickel-  
zinc ce l l s ,  and the  tendency of zinc t o  p l a t e  
out i n  dendr i t ic  c rys t a l s  which grow through 
the  separator and shor t  c i r c u i t  t he  ce l l .  
While this l a t t e r  problem can be controlled, 
as w i l l  be discussed l a t e r ,  a combination of 
the  f i r s t  two l i m i t s  t he  reported nickel-  
zinc c e l l  l i f e  as shown i n  Table I. 

t i v e l y  with the  hybrid/electric system re -  
quirements, t he  t o t a l  capacity used i n  one 
DKEW driving cycle w a s  calculated t o  be 
4.78 ampere hours. It would be possible t o  

In  order t o  compare these  da t a  qua l i ta -  

2 

' d r i t e  growth, shape change, and separator 
:degradation. 
;reported by  Oswin (8) has shown t h a t  dendrit? 
growth i s  re l a t ed  t o  the  overvoltage on the  

inc  electrode during charge, and t h a t  t he  
a tu re  of t he  deposit  can be controlled by 
egulating the  voltage, as shown i n  Figure 3+ 
he f igure  shows a strong temperature depend{ 
nee f o r  t he  c r i t i c a l  current density. 
ore, these  da t a  w i l l  have t o  be applied n o t ,  

!/only i n  the  design of t h e  electrochemical j 
, ,cells ,  bu t  i n  t h e  design of t he  thermal con- 
l t r o l  sistem of t h e  b a t t e r y  as well. I 

j. Since June, 1964, t he  Lewis Research ! 
ICenter of IJASA has been supporting the  devel- 
!opment of a long- l i fe  s i lver -z inc  c e l l  based 
ion use of an inorganic separator. ~n inor- 1 

'ganic separator w a s  selected from the  r a the r  
obvious viewpoint t h a t  t he  ins ide  of an 
a lka l ine  electrochemical c e l l  i s  a strongly 
oxidizing environment. Organic separators 

' a r e  designed t o  r eac t  with soluble s i l v e r  
ions i n  these c e l l s ,  degrading chemically i n  
the  process. 
it can o u t l a s t  the  electrodes 4 he c e l l  f a i l s  
due t o  zinc electrode problems. 
though, an oxidation r e s i s t a n t  separator i s  
a prerequis i te  f o r  t he  2-5 year l i fe - t imes  
NASA i s  seeking. Vented, f i v e  ampere-hour 
c e l l s  were b u i l t  and t e s t ed  using a low- . 

Work supported by  the NASA and 

1 

I f  enough separa o r  i s  used, 

Clearly 



- -  
a l t i t u d e  o r b i t  cycling regime of 30-minutes 
discharge followed by 60-minutes of charging. 
Although it was l a t e r  found t h a t  t he  separa-'  
t o r  contained impurit ies which effected the  
zinc electrode l i f e ,  t he  results shown i n  
Table I11 were encouraging. 

t e r  than which vould be expected from a con- 
ventional s i lver -z inc  c e l l .  The tests a t  
100' C showed the  exceptional chemical s t a b i l -  
i t y  of the separator and lead t o  development 
and t e s t ing  of a sealed, hea t - s t e r i l i zab le  
f o r t y  ampere-hour s i lver -z inc  c e l l  which 
could be used f o r  a Mars lander. The c e l l  i s  
shown on Figure 4.  The test schedule followed 
cal'led fo r  heat s t e r i l i z a t i o n  f o r  200 hours 
a t  135O C, followed by wet-stand f o r  e i t h e r  
e ight  or twenty-one months, a f t e r  which the  
c e l l s  a re  cycled. Approximately s i x t y  heat-  
s t e r i l i z e d  and f o r t y  nonsteril ized c e l l s  have 
been on t e s t  f o r  periods ranging from 19 t o  
29 months as of April  1, 1971. O f  t he  three 
c e l l  f a i lu re s  t o  date, none was due t o  zinc 
electrode problems. Figure 5 shows a zinc- 
electrode from a c e l l  which f a i l ed  a f t e r  1093 

'cycles t o  40 percent depth of discharge and 
,17 months t o t a l  wet-l ife.  No s ign i f i can t  t 

amount of shape change is  seen. 
: The lack  of shape change w i t h  an inor- i 
ganic separator w a s  a l so  observed by  Charkey! 
(4). He compared the  r e s u l t s  of a c e l l  using 
four layers of cellophane with ones contain- 

/in@; two d i f f e ren t  propr ie ta ry  inorganic sepa- 
irators.  Under a cycling regime de l ibe ra t e ly ,  
!set t o  accelerate f a i lu re ,  he obtained 35 
;cyc les  with the  c e l l  using cellophane and 85 
(and lo? cycles, respectively, f o r  t he  inorganic 
:separators. Most s ign i f icant ly ,  he found f ' 
severe shape change with the  cellophane and , 
none with the  inorganic separators. Since 
the  same kind of zinc electrodes yielded 200 
cycles i n  normal c e l l  operation using ce l lo-  

,phane, he reported t h a t  500 deep cycles should 
be possible. 

The use of  inorganic separators i n  vented 
nickel-zinc c e l l s  w a s  studied b r i e f l y  at  
L e w i s  Research Center. The r e s u l t s  a re  pre- 
sented i n  Table IV. 

:. 8 , 

These r e s u l t s  a re  four t o  ten t i m e s  be t -  

I 1  

1 
i 

\ i n  t he  l i t e r a t u r e  and present lybe ing  pro- i 
iduced under NASA con t r ac t s  should be used in1 
jdeveloping a nicxeh1-zinc technology program. 
4 Definit ive da t a  a re  lacking on the  l i f e '  i 

I -1.. 
I OTIW TECHNOLOGY OF INTEREST 

! 
viously on the  zinc electrode and separators, 
other NASA-suppurted e lx t rochemica l  pro jec ts  
'should be of value i n  developing a b a t t e r y  f o r  
a hybrid vehicle. 
c e l l s  (9)  produced useful informLLion on plas- 
t i c  c e l l  case design, materials f o r  c e l l  cases, 
and on terminal s e a l  designs. While t h e  nic- 
ke l  electrode has not been discussed i n  t h i s  
paper, its tendency t o  self-discharge a t  mod- 
e r a t e l y  elevated temperatures (ao C) i s  w e l l  
known. The use of cobalt  i n  t he  n icke l  e lec-  
trode t o  improve charge re ten t ion  might be 
considered (10). In addition, t h e  Goddard 
Srace F l igh t  Center i s  supporting work on 
developing uniform and predictable materials 
f o r  preparing n icke l  ba t t e ry  electrodes. 

.. c 
1 

I n  addition t o  the  work reported pre- 

The work on hea t - s t e r i l i zab le  

C e l l  No. 1 f a i l e d  due t o  corrosion of By taking in to  account work already done 
t h e  electrode lead w i r e s .  Unfortunately, 
t e s t  Nos. 2-5 had t o  be stopped before cesses and inorganic separators,  the  develop- 
f a i lu re .  

o r  underway re la ted  t o  zinc electrode pro- 

ment of a nickel-zinc b a t t e r y  for a hybrid/ 
e l e c t r i c  vehicle can be undertaken with more 
confidence and a higher probabi l i ty  of success. 

3 
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Table I1 

Bat te ry  Life Requirements 

Number Integrated Ampere-Hours Depth of 

Table I 

Reported Cycle Life  of Nickel-Zinc Cells 

Cycles Depth of C e l l  Reference 
Discharge Type 

100-200 50% Vented 3 
11 

,I 

4 
5 
4 

100% Vented 6 
7 

50-100 70% 
100 74% 

200 100% 

100-200 70% Sealed 

I ,  
190 

Table I11 

5 Ampere-Hour Silver-Zinc Cells 

with Inorganic Separators 

Depth of Cycle Test 
Temperature Discharge Life  

25O C 20% 2500 

. 25O C 30% 2000 

1000 c 30Q 500 
-__ 

Table I V  

In-House Nickel-Zinc C e l l  T e s t s  

I C e l l  No. Depth of Cycles Status  
Discharge , I  

' I  

I 1  17% 720 Failed 
2 17% 835 Terminated 
3 34% 429 
4 34% 429 rq 

5 50% 266 

1, 

I ,  

Number of Cycles/ 
DFEW Discharge Cycles Discharged Discharge 100,000 Miles 

Std. DHFW Cycle 1.34 (Max) 4.5$ (Max) 975 , 000 

3 14.34 47.8% 4,534 

1 4.78 15-95 13,600 
2 9.56 31.85 6 , 800 
4 19.12 63.7% 3.400 

4 
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Figure 1. - DHEW urban driving cycle. 

Figure 2. - Zinc electrode shape change. 





Figure 5. -Typical electrode - 517 days wet life, 1,093 cycles (three cycles per day; 40 
percent depth). 
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